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Abstract
The Load Balancing Problem consists of assigning the load of 
an overloaded node to another under loaded node with minimum 
cost. Each node has a limited amount of capacity and each task 
must be assigned to one and only one node, requiring a certain 
amount of the node’s capacity. In this paper, the application of 
Ant Colony Optimization (ACO) is presented. The Ant heuristic 
can be seen as an adaptive sampling algorithm that takes into 
consideration the experience gathered in earlier iterations of the 
algorithm. Several neighborhoods are studied, that produces good 
moves without increasing the computational effort. 
The algorithm proposed in this paper is inspired by scatter search 
using ant heuristics. The main feature of the hybrid algorithm is 
to hybridize the solution construction mechanism of the Scatter 
Search (SS) with Ant Colony Optimization (ACO). In this 
algorithm, ACO algorithm is used to generate the initial solutions 
which form the reference set. Within the scatter search framework, 
after two-solution combination method for the reference set has 
been applied, ACO method is employed to generate new solutions 
through updating the common arc pheromone mechanism. 
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I. Introduction
It has been noted that in a P2P network system, some peers 
are sitting idle while the others are overloaded. To increase the 
efficiency of the system, the idle time of the peers has to be used 
effectively. For this, there is a need to balance the load of an 
overloaded node by transferring the load to an idle or less loaded 
node [2].
Load balancing [1] is a computer networking methodology in which 
workload is distributed among various computers or a computer 
cluster, disk drives, central processing units, network links, or 
other resources, to achieve maximum throughput, optimal resource 
utilization, minimize response time and avoid overload.
Load balancing methods are designed essentially to spread the 
load on resources equally and maximize their utilization while 
minimizing the total task execution time.
Scatter Search (SS) is a novel evolutionary method. It is a 
population- based meta-heuristic that combines solutions from 
a reference set to create improved solutions. The reference set is 
a set of feasible solutions and is usually updated by combining 
these existing solutions to obtain new ones. In the reference set, 
scatter search maintains some high quality solutions during the 
search process and also ensures diversity to explore other regions 
when the process is trapped in a local minimum. The main purpose 
behind scatter search is that the newly combined solutions will 
explore various regions of the solution space where the better 
solution may possibly be found. Scatter search has regulations 
and strategies that are still not emulated by other evolutionary 
methods, and this method has been applied successfully to many 
combinatorial optimization problems. Marti and Glover [6] 
provide detailed descriptions and an implementation framework 

of the scatter search approach. Russell and Chiang [7], and 
Greistorfer [11] applied scatter search to the standard vehicle 
routing problem. The scatter search method is not restricted to a 
single uniform design, and it is very flexible and effective, since 
each of its elements can be implemented in variety of ways. The 
algorithm that is defined in the next section is derived from the 
study of real ant colonies. The major use of artificial ant colonies 
and real ant colonies [3] are:-

Artificial ants will have some memory,• 
They will not be completely blind,• 
They will live in an environment where time is discrete.• 

Various steps of SS [14] are:-
1. A Diversification Generation Method to generate a collection 
of diverse trial solutions, using an arbitrary trial solution (or seed 
solution) as an input.
2. An Improvement Method to transform a trial solution into one 
or more enhanced trial solutions. (Neither the input nor the output 
solutions are required to be feasible, though the output solutions 
will more usually be expected to be so. If no improvement of the 
input trial solution results, the “enhanced” solution is considered 
to be the same as the input solution.)
3. A Reference Set Update Method to build and maintain a 
reference set consisting of the b “best” solutions found (where the 
value of b is typically small, e.g., no more than 20), organized to 
provide efficient accessing by other parts of the method. Solutions 
gain membership to the reference set according to their quality 
or their diversity.
4. A Subset Generation Method to operate on the reference set, to 
produce a subset of its solutions as a basis for creating combined 
solutions.
5. A Solution Combination Method to transform a given subset 
of solutions produced by the Subset Generation Method into one 
or more combined solution vectors.

II. Proposed Algorithm
In this section, the solution approach to the load balancing problem 
is described. Because the load balancing problem is extremely 
complex, this makes the solution methodology more difficult. 
Quality solutions require an elaborate design of the algorithm. 
An algorithm is proposed, which is to hybridize the solution 
construction mechanism of ACO and Scatter Search (SS) to solve 
the load balancing problem. The method has both the advantages 
of ant colony optimization, [18], the ability to find the higher 
performance solutions, and that of scatter search, [17], the ability 
to explore different parts of the solution space and to find better 
solutions.
The procedure steps should be summarized as follows:
Step 1: Generate the initial solution using the ACO algorithm.
Step 2: Build the reference set (RefSet) with solution generated 
in step 1.
Step 3: Combine RefSet solutions. The common arc pheromone 
values are updated and new solutions are generated by two-
solution combination.
Step 4: Update the reference set (RefSet). 
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Step 5: Repeat step 1 to 4 until there is no more updations in the 
reference set (RefSet).
Step 6: Select the best solution from the reference set (RefSet).

A. Generating Initial Solution 
In the load balancing ant colony optimization, the artificial ants 
successively select nodes having sufficient capacity. Initially, each 
ant starts at the overloaded node. To select the next node j, the ant 
for assigning the task i use the following probabilistic formula:

    [4]
The input parameters are the pheromone trail variable , denoting 
the intensity of the desire to assign task i to node j. Initially all 
ants will be placed on the overloaded node and pheromone trail

 is inversely proportional to the cost of assigning the task i to 
node j. 

i.e.      [12]
Where ijc , is cost incurred if task i is assigned to node j. 

B. Pheromone Trail Updating
The pheromone trail is updated globally to intensify the search 
in the neighborhood of the best solution computed. Global trail 
updating is performed according to the following relationship:

    [12]
where , is the persistence of the trail, i.e.   

represents evaporation. Value of  is set to 0.75 ie.  
evaporates every time [15].

where Q, is 0.05 if the solution is feasible and 0.01 if solution is 
not feasible [12].
In addition to global updating, when two solutions are combined 
to generate new solutions, the common arc pheromone values 
are also updated.

C. A Reference Set Generation Method
A feasible solution consists of r least-cost routes such that node 
capacity and the total distance must not be violated to minimize total 
traveled distance. The reference set is a set of feasible solutions. 
The reference set consists of best solutions using ACO algorithm. 
Scatter search does not allow duplications in the reference set. The 
initialization reference set phase guarantees that various regions 
of the solution space will be explored.

D. A Solution Combination Method
New solutions are generated by a solution combination method 
from in the reference set. We adopt two-solution combination 
method to generated new solutions. To combine solutions from 
the reference set, common arcs are generated (Kelly and Xu, [16]), 
which should increase a probability of being chosen (Corberan et 
al., [13]). When any two ants find the same node through different 
paths then we can combine these path solutions to find the common 
arcs. Two-solution combination subsets consist of paths traversed 

by two ants for the same node. Each subset can generate a feasible 
solution based on these common arc pheromones. The combination 
method starts by matching the path from one solution to the path 
of the other solution. The core behind path matching is to find the 
common arcs of the two solutions. We start from the principle that, 
if a solution includes common arcs that belong to a better solution, 
then the objective function value is probably better than that of a 
solution that does not contain such arcs. Since the shorter paths 
can deposit higher pheromone, the probability of ants following 
these shorter paths would be higher than that of those following 
the longer ones. The combination procedure is applied to all pairs 
of solutions in the current reference set Refset.

E. A Reference Set Update Method
The reference set is constructed by considering the different 
solutions obtained using two-solution combination method, the 
current reference set and the general ACO method. The best 
solutions should be chosen to update the reference set. There are 
many solutions in the reference set, where the best solution is the 
one which is at the shortest distance from the overloaded node.

III. Results and Analysis
The proposed algorithm is implemented in Python language. 
The algorithm is tested on different topologies of network with 
different configuration. No of edges and load on each node are 
two key factors of the topologies, other than the complexity of 
the network. The result is simulated to form a relation between 
number of ants and number of iteration required to identify the 
correct node and the shortest path to that node.
The run time of the algorithm is directly proportional to the ants – 
iteration product. The probability of find the shortest path depends 
upon number of ants and number of iterations. Higher the number 
of ants higher is the probability to find the shortest path. Since 
the algorithm is probability based approach there are chances of 
not getting the shortest path as a solution. Also if the number of 
iterations is increased; the probability of the success increases.
This chapter examines the expected behavior of the algorithms. 
Two types of networks are considered for the case study. Tree 
being simplest one is studied while a hybrid network comprising 
the same no of nodes is also studied.

Fig. 1: Probability of Getting Correct Solution at First Iteration 
Vs  No of Ants

Fig. 1, explains the probability of getting the correct outcome at 
the first iteration. The probability is less but when the number of 
ants is increased the probability goes up.
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ants

iteration

2 3 5 6 7 8 9 10 11 12 13 14 15
1 0 0 0 0 0 0 0 1 1 1 1 1 1
2 0 0 0 0 0 0 0 1 1 1 1 1 1
3 0 0 0 0 0 1 1 1 1 1 1 1 1
4 0 0 0 1 1 1 1 1 1 1 1 1 1
5 0 0 1 1 1 1 1 1 1 1 1 1 1
6 0 0 1 1 1 1 1 1 1 1 1 1 1
7 0 0 1 1 1 1 1 1 1 1 1 1 1
8 0 0 1 1 1 1 1 1 1 1 1 1 1
9 0 1 1 1 1 1 1 1 1 1 1 1 1
10 0 1 1 1 1 1 1 1 1 1 1 1 1
11 0 1 1 1 1 1 1 1 1 1 1 1 1
12 0 1 1 1 1 1 1 1 1 1 1 1 1
13 1 1 1 1 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1
15 1 1 1 1 1 1 1 1 1 1 1 1 1

Fig. 2: Tree Topology (26 nodes) Analysis for Finding the Shortest 
Path using Proposed Algorithm

Fig. 2, shows the analysis of the data for one experimental setup 
of the tree topologies consisting of 26 nodes. the no of ants were 
increased from 2 to 15 and for each ants number of iterations 
were swept from 1 to 15. The 0’s marked indicates the failure 
of the algorithm of net finding the shortest path. Whereas the 
1’s marked indicates that the shortest path is correctly searched 
by the algorithm. So the optimum number of iterations and or 
number of ants required can be observed. Here in the test case it 
is the boundary of 1 & 0. For this network minimum of 10 ants 
are required or 12 iterations with 2 ants are required to get correct 
shortest path.

Fig. 3: Probability of Finding the Shortest Path Vs No. of Ants

Since this algorithm is probability based hence exhaustive 
experiments are done and data is generated to find out the 
probability of getting the correct shortest path for load balancing. 
10 experiments are done for each set of ants and iterations. No of 
ants in the experiments are varied from 2 to 15 and the number of 
iterations in each experiments are varied from 1 to 15.
Fig. 3, shows that the probability of finding desired output has 
asymptotically approached to 1 for the no of ants greater than 
10.

IV. Conclusions and Future Work
In this paper an algorithm is proposed to solve the load balancing 
problem in a peer to peer system. The main contribution is an 
efficient algorithm that provides a number of feasible solutions. 

Further study is required in order to adjust two or more tasks on a 
single trip of ants and solution combination step can be improved 
in order to get better routes to feasible nodes in lesser number 
of iterations.
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